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Abstract 
This study describes the use of recycled concrete 
aggregate as an aggregate in rigid pavement. The 
objective of this study is to know the suitability of 
recycled aggregate as replacement material of normal 
aggregate in rigid pavement. Recycled aggregate and 
normal aggregate are two different types of aggregate 
to be used in this study. There are several tests  
implemented in this study; Compressive Strength, 
Water Absorption, Los Angeles Abrasion Value and 
etc. The test are conducted by using several samples  
where it is used to test the strength of concrete at 7 
days and 28 days. After the test, the result shows that, 
the recycled concrete has satisfied the requirement of 
concrete strength for grade 20 N/mm² at 28 days. 
However recycled concrete has achieved the 
maximum strength of 39 N/mm² at 28 days for 
concrete grade 40 N/mm². From the compression tests 
result, it is shows that, recycled aggregate has 
approach the limit of specification and can be used in 
concrete mixing for concrete pavement.   
Keywords:  Rigid pavement, recycled aggregate, 
compressive strength, concrete pavement. 
 
1. Introduction 
 The construction industry worldwide is using 
natural resources and disposing of construction and 
demolition waste to landfill in very large quantities. 
Both practices are damaging to the environment and 
are no longer considered sustainable at their current 
levels. Many governments throughout the world are 
therefore actively promoting policies aimed at 
reducing the use of primary resources and increasing 
reuse and recycling. One of the most environmentally 
responsible and economically viable ways of meeting 
the challenges of sustainability within the 
construction industry is the use of recycled concrete 
and demolition waste as aggregate in new 
construction [1].  
The waste product from construction such as 
concrete disposal are faced difficulty to dispose. The 
study focus to identify the suitability of recycle 
aggregate product as a replacement aggregate on 
concrete pavement.  
 
2. Concrete Pavement 
 Concrete is an artificial material obtained by 
cementing together fine and coarse aggregate (sand 
and broken stone) using a binding material (cement). 
Compressive strength and durability are two factors 
for good concrete[2]. Concrete pavements, often 
called rigid pavements, are made up of Portland 
cement concrete and may or may not have a base 
course between the pavement and sub grade. As a 
general rule, the concrete, exclusive of the base, is 
referred to as the pavement. The element of concrete 
pavement contains in two layers. The most important 
element in concrete pavement is the concrete slab. 
The slab size is dependent upon the thickness of the 
pavement as well as upon the amount of steel to be 
used for reinforcement. Reinforcement is use for the 
purpose of controlling the width of crack opening to 
insure adequate load transfer across a crack [3]. 
The purposes of a sub base are to permit the 
building of relatively thick pavement at low cost. The 
quality of sub bases can vary within wide limits, as long 
as the thickness design criteria are fulfilled. The 
purpose of a pavement is to provide a smooth surface 
over which vehicles may pass under all climatic 
conditions and there is affected by the characteristics of 
the subgrade. Desirable properties that the subgrade 
should possess include strength, drainage, ease of 
compaction and permanency of compaction [4].  
The concretes with recycled aggregates need a 
higher cement content when designed for a given 
strength. For 45 MPa concrete, the cement content 
increased by 7.2%. To obtain higher strengths in 
recycled aggregate concrete, the cement content was 
increased progressively up to 17.3% for a 57.5 MPa 
concrete. This increase contributes to an improvement 
of aggregate interface properties and system 
durability. It has also been proved that data scatter of 
compressive strength data is similar to that of 
conventional concretes development result from 
laboratory refers to the Table 1 [7].  
 
 
Table 1: Comparison between Recycled Aggregate    
              and Original Material 
 
3. Material Testing 
 This study is concentrate on waste concrete 
characteristic. There are a few methodologies  
implemented in this work of study, they are : 
 
3.1 Aggregate Testing Method 
The Aggregate testing methods consists of 
Aggregate Crushing Value  [8],  Aggregate Impact 
Value [9], Los Angeles Abrasion Value [10], Specific 
Gravity and Absorption [11] and Sieve Analysis [8]. 
 
3.2  Concrete Testing Method 
 The Concrete testing methods carried out in 
this study are Slump Test [8] and Compressive 
Strength [12]. 
  
3.3  Sample Preparation 
All the sample preparation are as shown in  
Table 2 and 3.  
 
Table 2:  Recycled Aggregate Concrete Sample     
               Preparation  
Testing Method Compressive Strength 
Duration 7 Day 28 Day 
Concrete Grade 
 20 N/mm² 3 Nos 3 Nos 
Concrete Grade  
40 N/mm² 3 Nos 3 Nos 
 
Table 3:  Controlled Concrete Sample Preparation 
Testing Method Compressive Strength 
Duration 7 Day 28 Day 
Concrete Grade 
 20 N/mm² 3 Nos 3 Nos 
Concrete Grade  
40 N/mm² 3 Nos 3 Nos 
 
4. Results and Analysis 
Aggregate Crushing Value: The aggregate 
crushing value, provides a relative measure of 
resistance to crushing under gradually applied 
compressive loads. From the result, recycled 
aggregates have 25.0 % pass percentage compare to 
normal aggregate which has 19.9 % and not exceed 
than 20 %. The result has achieved the requirement of 
Public Works Department [8] specification limit for 
concrete road. The result for aggregate crushing value  
as shown in Table 4. 
Recycled Aggregate Original 
Material 
 
Recycled 
Once 
Recycled 
Twice Granular 
Absorption 3.43 – 5.0 8.36 1.02 Coarse 
Aggregate 
Specific 
Gravity 2.31 – 2.4 2.11 2.67 
Absorption 
Specific  7.17 – 8.3 
 
 
1.38 
 
Fine 
Aggregate 
Gravity 2.15 – 2.3  2.6 
 
Table 4:  Aggregate Crushing Value Test Result   
 
Types of 
Aggregate 
Recycled 
Aggregate 
Normal 
Aggregate 
Sample 1 2 1 2 
Total weight of 
dry (g)    : A 3690 3890 3985 3910 
Weight of 
portion,  
passing 2.36 mm 
sieve (g)  : B 
900 995 765 800 
Pass Percentage     
: B/A x 100  (%) 24.4 25.6  19.2  20.5  
Aggregate 
Crushing Value   
(%) 
25.0 19.9 
Aggregate Impact Value: The Aggregate 
used in road construction should be strong enough to 
resist crushing under traffic wheel loads. If the 
aggregates are weak, the stability of the pavement 
structure is likely to be adversely affected. The coarse 
aggregate in concrete work is supposed not to exceed 
than 30 % according to BS 812: Part 3 [9]. The result 
for aggregate impact value shown as Table 5. 
 
Table 5: Aggregate Impact Value Test Result    
Types of Aggregate Recycled Aggregate 
Normal 
Aggregate 
Sample 1 2 1 2 
Total weight of dry 
(g)               : A 430 425 470 460 
Weight of portion,  
passing 2.36 mm 
sieve (g)         : B 
135 144 119 125 
Pass Percentage          
: B/A x 100   (%) 31.4 33.9  25.3  27.2  
Aggregate Impact 
Value      (%) 32.7 % 26.3 % 
 
Los Angeles Abrasion Value: Aggregates are 
subjected to crushing and abrasive wear during the 
manufacture, placing and compaction of asphalt 
paving mixes. They are also subjected to abrasion 
under traffic beds.  
 From the laboratory test, for coarse aggregate 
in concrete work is supposed not to exceed than 50 % 
and 40 % for road work. It is according to Public 
Work Department, 1988 standard road work 
specification. The result for los angeles abrasion  test 
value as shown in Table 6. 
 
 
 
 
 
 
Table 6: Los Angeles Abrasion Value Test Result 
Types of Aggregate Recycled Aggregate  
Normal 
Aggregate  
Sample 1 2 1 2 
Total weight of  
dry (g)            : A 4860 4795 4710 4800 
Weight of portion,  
passing 1.70 mm 
sieve (g)         : B 
2251 2355 1630 1650 
Pass Percentage            
: B/A x 100 (%) 46.3  49.1  34.6  34.4  
Los Angles Abrasion 
Value Test (LAAV)   
(%) 
47.7  34.5  
 
Specific Gravity and Water Absorption: The 
value of water absorption rate and specific gravity of 
aggregate is routinely used in design and construction 
of pavement materials.  
 After the test, the data shows that, the recycled 
aggregate has 4.82 % of water absorption and 2.45 
specific gravity. From the result, it clearly shows that, 
recycled aggregate has far more percentage of water 
absorption when compared to normal aggregate. 
According to the specification, the water absorption 
result have to achieved the standard of less than 1.5% 
while specific gravity have to reach more than 2.6. 
The sample of recycled aggregate has achieved the 
requirement of specific gravity. 
 The difference of recycled and normal 
aggregate is because of several factors, such as the 
factors are roughness of aggregate, surface texture, 
particle size, percentage of voids exists in aggregate. 
Existing mortar from recycled concrete may have the 
ability to increase the absorption. The result for 
specific gravity and water absorption value is shown 
in Table 7. 
 
Table 7:  Specific Gravity and Absorption Test  
               Result 
Types of Aggregate Recycled Aggregate 
Normal 
Aggregate 
Water Absorption 
(%) 
WA = ( B-A) / A x 
100 
   4.82 %      0.45 % 
Specific Gravity 
SG = A / (B-C)    2.45 2.67 
 
A = Mass of oven-dry sample in air, g 
B = Mass of saturated surface-dry sample in air, g 
C = Mass of saturated sample in water, g 
 
Sieve Analysis: The result obtained from sieve 
analysis test for recycled aggregates and normal 
aggregates and shown in Table 8. Both of aggregates 
produced almost the same grading curve, which the 
result have passed the specification as fixed by Public 
Work Department. However, recycled aggregates 
have contained fine particles which passed sieve of 5 
mm. This is due to the existence of mortar in the 
aggregates, which smashed easily when sieve  
vibrated. The result for sieve analysis shown as Table 
8. 
 
Table 8:  Sieve Analysis for Coarse Aggregate 
Passing By Weight (%) Sieve 
Size 
(mm) 
(Public Works 
Dept.1998) 
Recycled 
Aggregate 
Normal 
Aggregate 
20.00 100 100 100 
14.00 90-100 95 91 
10.00 40-85 63 59 
5.00 0-10 8 2 
 
Concrete Mix Design: In this study, the 
Concrete mix was designed base on Standard 
Specification of concrete pavement Portland cement 
by Road Works by Public Work Department  
(JKR/SPJ/1988). 
 The mix ratio used in this study for 20 
N/mm2 is 1:2:4, where water cement ratio is 0.5. For 
the gred of 40 N/mm2, the ratio used is 1:1:3 with the 
water cement ratio of 0.46. Both grade of concrete 
was design based on Public Works Department and 
Timber Industrial Ash (TIA) Concrete Mix Design 
Nomograph [13].  
 
Concrete Testing Result: The test conducted 
in this research are slump test and compressive test. 
 
Slump Test: Slump test is the methods used to 
measure the workability of the concrete. This is the 
most practical test. The drop of the slump test shows 
the changes in material, quantity of water and the 
degree in mixing. Therefore, it is useful to control the 
quality of concrete. 
The result of this test are shown as below; 
 
Workability  :  Medium 
Slump  :  25 mm subsidence 
Conditions : True slump 
Slump Limits (JKR/ SPJ/ 1988 – Table 9.5):   
         25 - 75 mm   
 
Compressive Strength: Figure 1 and 2 shows 
that, the compressive strength of recycled concrete 
and controlled concrete at 7 and 28 days. These 
values are satisfy with the required strength.  
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